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PAHs 是分布最广，数量最多的一类环境致癌物。DOM 通过与 PAHs 相互作
用以及自身的理化性质，极大地影响着溶解态 PAHs 的分布、迁移和转化。对多
组分溶解态 PAHs 浓度水平及其与 DOM 的相互作用以及两者的环境行为的研究
是开展环境中 PAHs 生物修复、生态毒性和环境风险评价的关键。用荧光猝灭法
研究 DOM 和 PAHs 相互作用，要求发展多组分荧光混合物检测方法，要求建立
DOM 指示物—CDOM 的高灵敏度表征方法。本论文针对现有方法的不足和实际
环境测定的特殊要求，立足水体中溶解态 PAHs、HA 和 CDOM 三维荧光特性研
究，建立多组分溶解态 PAHs 的双波长荧光测定法、双波长荧光猝灭法，CDOM
荧光和吸收现场检测技术。主要内容和结果如下： 
（一） 建立了同时测定水体中茚、萘、菲三组分溶解态 PAHs 的双波长荧光
法。利用三维荧光谱确定茚、萘、菲的最佳测量点为 A （λex 250.0 nm, λem 308.0 
nm）、B （λex 225.0 nm, λem 335.0 nm）、C （λex 250.0 nm, λem 364.0 nm）；萘和菲
相应的最佳参比波长分别为 292.5 nm 和 286.7 nm。所建方法用于水体中茚、萘、
菲的同时测定，其线性范围分别为：2.00×10-7-2.00×10-5 mol/L、5.00×10-8-3.50×10-6 
mol/L 和 1.00×10-8-1.00×10-6 mol/L；检出限分别为：8.63×10-9 mol/L、1.01×10-8 
mol/L 和 5.29×10-10 mol/L；相对标准偏差分别为：1.1%、1.0%和 0.7%（n=7）。
方法用于合成样和自来水样的测定，结果令人满意。 
（二） 考察了 HA 和 Py 水溶液体系的光谱特性，结合双波长荧光法建立了
双波长荧光猝灭法，用以测定 HA 和 Py 的结合常数。利用三维荧光确定 Py 的两
个荧光峰 A 点（333.0 nm, 391.0 nm）和 B 点 （333.0 nm, 374.0 nm）为测量点，
其相应参考点分别为 a （342.0 nm, 516.0 nm）和 b （342.0 nm, 540.0 nm）。所建
方法在两个测量点测得 HA 与 Py 的 logKOC 分别为 4.91 和 4.96，相应的相对偏差
分别为 0.73%和 0.20%。与传统的扣空白法的荧光猝灭法相比，两种方法在两个
测量点所得结果的相对偏差分别为：0.00%和 0.40%。所建方法无需额外配制 HA

















海水样、不同深度的南中国海海水样中 CDOM 的 EEMs 荧光特性进行了调查分
析。结果表明：不论是纯菌还是菌藻混合体系，均有可能产生类腐殖质和类蛋白
荧光；相对于纯菌体系，菌藻混合体系中所有荧光峰均出现蓝移。厦门近岸水体
中 CDOM 的 C/M 荧光峰的最大激发波长为 330 nm，相对于实验室内菌和藻培养
液出现了红移；芙蓉湖水中 A 峰位置与菌液相近，而其他三种水体则与藻液相
似。九龙江口海水样中 CDOM 随着盐度的增加，几个主要荧光峰位置基本不变，
而信号强度则逐渐下降；其中 A 峰的最大发射波长约为 420 nm，介于菌液和藻
液之间，而 C/M 峰最大激发波长与厦门近岸水体一致，表明陆源输入是该区域
CDOM 的主要来源。藻液中 F450:F500 值约为 1.9，主要为生物来源，而九龙江
口水样 F450:F500 值均接近 1.4，印证其来源为陆源输入。南中国海海水中 CDOM
荧光值均较弱，T 峰几乎观测不到，而 A 峰和 C/M 峰则没有形成极大值。 
（四） 针对常规荧光法测定 CDOM 因荧光峰峰位置的偏移可能导致测定结
果有偏差，建立船载现场 10-AU 现场荧光仪的 CDOM 荧光分析法，检测限为
0.077 QSU，线性范围可达 0.3-30.0 QSU。测定结果与常规方法相比，t 检验结果
中的 t 值小于统计学临界值 2.78，且 sig.=0.174（2-tailed）>0.1，表明两者无显著
差异。该方法应用于厦门大学海洋生物地球化学创新群体 2007 年南中国海夏季
航次（历时约 1 个月），现场获取 43 个站位 400 多个低浓度 CDOM 的数据，结






较 Cary 100 紫外可见分光光度计分别提高约 1 倍和 0.5 倍，相对标准偏差分别为
3.93%、2.12%（n=7）。实现了 HA 水溶液的吸收和荧光的同时测定，检出限分
别为 0.306 mg/L 和 0.0104 mg/L。本方法成功应用于船载式现场分析，在三次航
次中，对九龙江口 9 个站位 26 个表层海水水样进行现场测定，所得结果与常规


















PAHs are the most widely distributed and plentiful environmental carcinogens. 
DOM has considerably influence on the distribution, transportation and degradation of 
PAHs because of the interactions of DOM-PAHs and the properties of DOM in 
aqueous systems. The investigation on the concentration of multi-component of 
dissolved PAHs and the interactions of DOM-PAHs are the key to carry out the PAHs 
bioremediation, ecological toxicity and risk assessment in nature water. New 
multi-compponent analysises in mixtures and high sensitivity quantitative methods of 
CDOM are necessary for the investigation of the DOM-PAHs interactions by 
fluorescence quenching. In this thesis, in order to complement the deficiency of such 
technologies mentioned above, we primarily carry on the investigation of the EEMs of 
PAHs, HA and CDOM, and have achieved some satisfactory results, listed as follows: 
(1) A novel method was developed for the simultaneous determination of PAHs 
in interfering multicomponents system in water. The concentration of indene, 
naphthalene and phenanthrene in water had been determined directly by using 
dual-wavelength fluorescence-spectrometry with 3D technique which was used to 
optimize detection points and reference-wavelenth to eliminate the interference of 
other components. The point A (λex 250.0 nm, λem 308.0 nm), B (λex 225.0 nm, λem 
335.0 nm) and C (λex 250.0 nm, λem 364.0 nm) were chosen as the detection point of 
indene, naphthalene and phenanthrene, respectively, while the wavelength 292.5 nm 
and 286.7 nm were used as the reference-wavelenth. The linear ranges for 
determination of indene, naphthalene and phenanthrene were 2.00×10-7-2.00×10-5 
mol/L, 5.00×10-8-3.50×10-6 mol/L and 1.00×10-8-1.00×10-6 mol/L, respectively, the 
detection limits were 8.63×10-9 mol/L, 1.01×10-8 mol/L and 5.29×10-10 mol/L, with 
the RSD of 1.1%, 1.0% and 0.7%(n=7), respectively. Satisfactory results were 
obtained for the determination of dissolved indene, naphthalene and phenanthrene in 
synthetic samples and tap water samples. 
(2) Based on studies of the spectral characteristics of pyrene (Py) and humic acid 
(HA), the binding constant of them have been studied by dual-wavelength 
fluorescence quenching method, which reliability has been proved. The point A (λex 
333 nm, λem 391 nm) and B (λex 333 nm, λem 374 nm) were chosen as the detection 















540 nm) were used as the reference point. The logKOC of Py with HA was 4.91 at 
point A and was 4.96 at point B, with the RSD of 0.73% and 0.20%, respectively. The 
samples were analyzed by the proposed method and the traditional method, there was 
no significant difference with the RSD of 0.00% and 0.40% between two methods at 
two detection points, respectively. However, comparing with traditional method, the 
proposed method has display some advantages in convenience and practicability.  
(3) In order to characterize the properties of EEMs, we studied different water 
smples from bacteria and algae culture mediums, different water body around Xiamen, 
different salinity in Jiulong Estuary and different depth in South China Sea. The 
results indicate that: Humic like and protein like fluorescence were found both in 
bacteria and algae culture, but the wavelength of all the peaks in algae culture had a 
notable blue shift. Comparing with bacteria and algae culture medium, the maximum 
excitation wavelength of peak C/M in the water samples from Xiamen area was 330 
nm, had a red shift. The position of peak A in Furong Lake was close to bacteria 
culture, whereas three other water body were similar to algae culture. As the salinity 
increased, the peaks positions of the samples from Jiulong Estuary were stable but the 
intensity was lower. The maximum emission wavelength of peak A was about 420 nm, 
which between the value of bacteria and algae culture. The maximum excitation 
wavelength of peak C/M in samples collected from Jiulong Estuary and water bodies 
around Xiamen were the same, indicate that freshwater sources were the main CDOM 
input in Jiulong Estuary. The value of F450:500 in algae culture was about 1.9 for 
microbially derived CDOM, and a value of about 1.4 for terrestrially derived CDOM 
was found in water samples from Jiulong Estuary. The fluorescence intensities of 
seawater from South China Sea were weaker, peak T was not observed, peak A and 
peak C/M had not formed the maximum value. 
(4) The shortage of using single wavelength fluorescence measurement to 
monitor the dynamic of CDOM in changeable nature waters may was the uncertainty 
data. In this case a shipboard fluorescence analysis method with 10-AU field 
fluorometer was used to determine CDOM, the linear ranges was 0.3-30.0 QSU and 
the detection limits was 0.077 QSU. The samples were analyzed by the proposed 
method and the traditional method, and the results showed that no significant 
difference with t test at the confidence interval 95%. The proposed method was 
applied on field during a cruise for one month in South China Sea. More than 400 















induced fluorescence system named Fluovision was applied on field to quantitate 
CDOM in Jiulong Estuary. Comparing with EEMs and traditional method, Fluovision 
has the potential to be an in situ method on CDOM humic like and protein like 
measurements. 
(5) We ameliorated a Turner 10-AU field fluorometer in order to solve the 
problems of the study on simultaneously determination of dissolved organic matter 
absorption and fluorescent properties in natural water samples. The sample cell and 
cell holder of the fluorometer were modified with a mirror to develop a new 
absorption measurement kit, and attenuator plates and photomultiplier voltage were 
used to control the intensity of absorption light. The absorption measurements of 
potassium dichromate and potassium permanganate solution were realized by the 
ameliorated fluorometer. The sensitivities of the ameliorated fluorometer were about 1 
and 0.5 times higher than that of Cary 100 UV-Vis spectrophotometer, with the RSD 
were 3.93%、2.12% (n=7), respectively. Both satisfactory results were obtained from 
the absorption spectra measurement and the fluorescent determination of humic acid 
in water, detection limit were 0.306 mg/L、0.0104 mg/L, respectively. The proposed 
instrument was applied on field during three cruises in Jiulong Estuary. 26 surface 
seawater samples collected from 9 stations were analyzed on shipboard laboratory. In 
land-base laboratory, the seawater samples were analyzed by the traditional absorption 
coefficient method (α(355)), and the results showed good linear relationship with the 
proposed method.  
Key words: Polycyclic Aromatic Hydrocarbons, Dissolved Organic Matter, 
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